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SUMMARY 



A model of a 2-step flying-boat hull, of the type gen- 
erally used in England, was tested according to the com- 
plete method described in N.A.C.A. Technical Note No. 464. 
The lines of this model were taken from offsets given by 
Mr. William Munro in Flight, May 29, 1931. The data cover 
the range of loads, speeds, and trim angles that may be of 
use in applying the hull form to the design of any sea- 
plane. The results are reduced to non-iimensional form to 
Hid application to design problems and facilitate compari- 
son with the performance of other hulls. 

The water characteristics of Model IS are compared 
with those of Model ll-A, which is representative of cur- 
rent American practice. The results show that when the 
two forms are applied to a given seaplane design under op- 
timum conditions for each, the performance of Model 16 
will be somewhat inferior to that of Model 11-A. 



INTRODUCTION 



The development of flying boats since the World War 
has been rapid and widespread. Partly because of their 
military application, exchange of technical information on 
hull forms has been somewhat restricted. As a result, the 
designers of the various nations have pursued policies of 
independent development that have given rise to striking 
differences in the lines of flying-boat hulls. Although it 
is probable that the water performance of good examples of 
the varioiis types will show little difference, direct com- 
parisons are not possible at present because of the scar- 
city of published tost rosults. Comparison of such re- 
sults as havo been published is unsatisfactory, moreover, 



2 



I 7 . A . C . A . Technical % o t o U 6 i 4 71 



"because the tests have usually been made by the hydrovane 
method. The difficulty of apply-iag such test data to a 
general study of hull forms, and the advantages of the 
complete method of testing, are pointed out in reference 1, 

As a result of those considerations, the 1T.A. C.A. has 
undertaken to test hulls of the. various typos, so that fu- 
ture development may tie concentrated on the forms showing 
greatest promise. Unfortunately, authentic linos of good 
hulls are still difficult to obtain, and any attempt to 
approximate the form of a given hull from such information 
as is published may result in a model which is not a fair 
repress:- 1 at iv? of the type. It is to be hoped that hull 
linos and tost'~data will be exchanged ftiore freely in the 
future, .to the benefit of all concerned. 

The lines of Model 16 wore faired'from offsets given 
in reference 2. -The hull is believed to be r opf bscntat ivc 
of current British practice. The tests were made in tho 
N.A.C.A. tank in December 1932, and January 1933. 



APPARATUS AITD PR0C22UBE ' 
Method of ( Test' 

' The equipment of the IT. A.O. A. ' tank is described in de- 
tail in reference '3. The purpose and technic of the com- 
plete method "used* investing Model 16 are given in refer- 
ence 1 ? Briefly, this method consists of determining the 
resistance, trimming moment, and draft of the model at all 
combinations of tho independent variables - speed, load, 
and trim angle that lie in the useful range for the model 
under test. The results can be applied to any seaplane 
design with assurance that the hull will operate under 
conditions giving the best performance* -po ssiblo for the 
particular form' cho sen . * 

Description of Model"' 

The lines of Model" 1 6 were obtained by ref airing the 
offsets presented iby^Mr. Willi aiff'Munro in reference 2. 
Offsets taken iron these refaired lines are given in table 
I, and a drawing of the principal linos in figure I." The 
general form is that in common use in England for lalrg'G 
flying-boat hulls. It differs from the form generally used 
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in this country in that the forebody is relatively shorter, 
putting the step more nearly under the center of buoyancy; 
the longer afterbody terminates in a transverse second step 
rather than in the vertical sternpost or pointed step usual 
in American designs* The water lines at the bow are also 
somewhat finer and the forefoot deeper than is usual i:: 
American practice^ 

The model was made of wood, painted and rubbed to 
give a smooth surface. Its principal dimensions are: 



Length, over- all , 


100.0 


in. 


Maximum beam, 


15, 0 8 


it 


Beam at main step, 


15.42 


n 


Depth, 


13,32 


n 


Length of forebody, 


3 7 o 61 


M 


Length of afterbody, 


39.50 


II 


Depth of main step, 


.85 


ff 


Depth of second step, 


1.07 


ff 



The model was made to a tolerance of ±0*02 inch. 



RESULTS 



Expe rim ent al , d at a . - The trimming moment and draft of 
the model at rest are given in figures 2 and 3 for vari- 
ous loads and trim angles 9 A positive moment is one that 
tends to increase the trim arirle, that is, raise the bow. 
These curves may be used to determine the crater line at 
rest for any load and location of the center of gravity. 
The moment curve? are also useful as a measure of the lon- 
gitudinal stability of the hull at rest* 

Table II presents the results of the toYring-test 
measurements on the model. These data can be applied to 
any size of full-scale hull by tixe conversion factors 
implied in Froude's law, as explained in reference 3. The 
essential data are presented graphically in figures 4 to 8. 
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These figures are curves of model resistance and trimming 
moment plotted against speed, with load on the water as a 
parameter. Each curve sheet gives the characteristics for 
one trim anglo. Theqentor about which the moments are 
taken is shown on the line drawing (fig. l) . The trim an- 
gles are measured "between the horizontal and the 'base lino 
of the model. 

£iL^ci.sijo.n.-- The precision attained in these tests is 
approximately as follows: 

Load t 

Resistance , 
Trimming moment, 
Trim angle, 
Speed, 



±0 o 3 lb. 
± .1 lb. 
±1.0 lb. -ft, 

* -1° 

■» • 1 £ . p . s . 



Data at "best trim angles The difficulties caused by 
the large number of variables, when the data are used for 
take-off calculations, are pointed out in reference 1. 
The method outlined in that report for eliminating the 
trim angle as a variable has been followed here. It con- 
sists of cross-fairing the resistance against trim angle 
to determine the minimum resistance and the best trim an- 
gle, i.e., the angle at which the resistance is minimum, 
for each speed and load. The nondimensional coefficients 
used in the presentation of tho charact eri s t i cs at the best 
trim angle are defined as follows: 

Load coefficient, C£ 



Resistance coefficient, Cp 



Speed coefficient, Cy 

where A is the load on the water, lb. 

R, resistance of model, lb. 



A 



W D 

a 

75* 
w b 

_JT 

v g b 
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V, speed, f.p.s, 

w, weight density of water, lb./cu.ft. 

b , beaia, ft. 

g, acceleration of gravity, ft. /se-C^ 

The curves of at the best trim angle i' Q , 

plotted against Cy with C£ as a parameter, are^ given 
in figure 9, The same data are presented in figure 10 as 
curves of Ch against with Cy as a parameter. The 

first method of plotting the data gives a cloarer concept 
of the behavior of the hull, but the second is somewhat 
easier to use in the take-off calculation. The best trim 
angle t 0 ', is plotted against Cv with C/\ as a parame- 
ter in figure 11, The dotted line in this figure is the 
mean value of t 0 to be used in the first approximation 
of the take-off calculation, as was explained in refer- 
on ce 1 • 

DISCUSSION 



Test results .- The curves of resistance and .moment at 
constant load plotted against speed (figs. 4-8) , show the 
usual trends pointed out in reference 1, The rise in re- 
sistance in the high-speed range is rather marked for ^ this 
model, probably because the largo area of the afterbody 
causes excessive frictional resistance v/hen spray from 
the main stop strikes it. The moments at high speeds and 
high trim angles, which might be expected to be seriously 
nose-heavy because of the large second step, are in real- 
ity of the same order as those for hulls of the American 
type. No difficulty in pulling the seaplane up to a rea- 
sonable* angle for take-off is indicated. 

Applicati o n of da ta at be st tr im an gift.- The applica- 
tion of the data for the best trim angles tfigS 9-11) to 
a take-off problem is explained in detail in reference 1, 
Model 15 may require special treatment at very low spoeds 
because of the rather high valuo of the best trim anglo at 
speeds below the hump. The positive (tail-heavy) moments 
which would have to bo applied to roach' the best anglo 
would not normally bo available, , This' condition' is . aggra- 
vated by the fact that the boat angle at -the hump is- about 
7°. The moment hero i o ' po sitive (soo f dg. ' S) ; hence a :i 
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rather largo noso-hoavy moraont must "bo applied to attain 
tho "bost angle. Tho procedure suggested is to locate tho 
centor of gravity so that the "best trim at the hump can bo 
maintained, and let the angle at low speeds deviate from 
tho "best value by the necessary amount. The resulting 
take-off performance will "be only slightly worse than that 
which would obtain if the "best angles were held throughout, 
"because the resistan.ee at lew speeds does not .change seri- 
ously with changes in trim, and the large amount of excess 
thrust in this region is reduced "by a relatively small pro- 
portion. 

Comparison with Model, 11~A_«~ It has been pointed out 
that data from complete tests offer a better basis of com- 
parison between hulls of various forms than has been pre- 
viously available. N.A.C.A. Model 11-A (reference 4) is a 
good example of current practice in this country; conse- 
quently, a comparison between it and Model IS will give an 
indication of the relative advantages of the two types. 
As yet, no method of obtaining a figure of merit for a given 
hull has been found, because of the great number of varia- 
bles involved in the application to a seaplane design. 
Curves of A/B against load coefficient at typical values 
of speed coefficient, however, give a reasonably good com- 
parison* Such curves are shown in figure IS for Models 16 
and 11-A. The value of A/r for Model 11-A lies above 
that for Model 16 at nearly every point, showing that a 
hull of the form of 11-A when applied to a given seaplane 
would give a shorter take-off than one using the lines of 
Model 16. Quantitative comparison of the performance of 
the two hulls, however, can only be made by carrying' 
through a take-off calculation, because the best size of 
hull, and consequently the values of Cy and C/\ /at a 
given speed and load, will be different in the two cases. 
The curves show that the value of A/fi for Model 15 is low 
at high speeds and light loads, but that C£ at the hump 
can be made high without serious reduction in A/R. A hull 
using these lines should therefore be relatively small to 
give the best compromise. From these considerations the 
value of based on tho load at tho hump speed, should 

probably be about 0.5 for the first trial. 

General _ behavior .- The spray formation of Model 16 is 
shown in the photographs (fig. 13) for several typical con- 
ditions. At low speeds and low angles, with heavy loads, 
.the bow is rather ^dirty, 11 as is shown in the bow photo- 
graph for T = 3° and V = 5.7 f .p.s 0 At. planing spneds 
the spray is light and stays reasonably low, because of the 
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arched sections of the forebody. Further improvement could 
no doubt be obtained by means ox spray strips. The photo- 
graphs for T = 5° and V = 49.2 f.p.s. show the blister 
arising from the main step and striking the afterbody, 
which causes the pronounced increase of resistance with 
speed in the high-speed range. >; 

Although no rough-water tests were made to dotcrmino 
the seaworthiness of this model, the photographs of figure 
13 indicate that the s eavorthiness will probably be satis- 
factory except at taxying speeds, where the heavy bow wave 
••may result in a wet boat. This condition will bo made 
somewhat worso if the high beam loading and forward loca- 
tion of the center of gravity, which havo been mentioned 
as necessary to best take-off performance, are adopted. 

The problem of predicting porpoising characteristics 
from towing experiments has not been satisfactorily solved. 
Tests by the complete method, run at fixed-trim angles as 
they are in the SLA.O.A. tank, do not give any indication 
of the tendency to porpoise unless it is sufficiently vio- 
lent to cause the model to oscillate against the restraint 
of the moment spring. No such tendency was observed for 
Model IS, A theoretical discussion of the subject of por- 
poising is -iven in reference 5. The authors point out 
that towing" tests for the detection of porpoising may bo 
.definitely misleading unless the mass, the moment of inertia, 
'and the aerodynamic surfaces are faithfully reproduced in 
the model. The experimental difficulties of such proceduro 
are groat, and obviously are quite insurmountable when the 
model is intended for general application to any coaplano 
do sign. It is hopod that further work will load to satis- 
factory criterion's defining the conditions under which por- 
poising may exist so that the measurements may bo made on 
the model to givo the designer the data necessary. to avoid 
such conditions. 

CONCLUSIONS 



The following conclusions may bo drawn from a compari- 
son of the results of Model 16 with thoso of Model 11-A, 
given in reference 4. However, it should be borne in mind 
that, although the models are probably representative of 
the respective types as generally applied, better examples 
of either typo may exist. 
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When the two forms are applied to a given seaplane de- 
sign under optimum conditions for each: 

1 • The hull of tne form of Hod el 16 will have 
higher resistance throughout the speed range, 

2. More difficulty will he found in holding 
the hull of tho form of Model 16 at the host trim an- 
gle • 

3, Tho spray thrown while taxying at low speeds 
will be greater for Model 16. 



Lahgley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
. Langley Field, Va* , August 10, 1933. 
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TABLE I 

OFFSETS OF K.A.O.A. MODEL l6 
( Inches) 



Station 



I 

DistanceL 



Heights above base line 



from 
bow 



Keel 
0.00 



Bl 
x 1.65 



B2 
3.30 



, B3 

M5 



6.60 



Ohine 



Deck 



Half-breadths 



Chine 



HL1 
^1.50 



WL2 
3.00 



^■.50 



tab 
6.00 



WL5 

7.50 



Deck 
radius 



1 

2 



1 

7 

9 
10 
11 

12 for ! d 
12 aft 



11 



h 

19 
20 
21 

22 

23 for ! d 
23 aft 

2 £ 
26 

27 



2.22 

6.66 
10.00 

13.33 
16.67 
20.0^ 

23.33 
26.67 
30.00 
33.33 
37.6i 

37.61 

£2.22 
W>.6G 
50.00 

53.33 
56.67 

60.00 

63.33 
66.67 
70.00 
73.33 
77.11 
77.11 

go. 00 

66.67 

93.33 
100.00 



9.6iv 

2.9^ 
1.53 
1.02 

:B 
:E 
.26 

] .IS 

! ao 
> 2 

i:2 
1.69 
2.06 

2.44 
2.33 

3.f3 
3.60 

3-95 
4.27 
4.56 

M-.S7 
15.94 
I 6.73 
1 S.56 
10.39 
12.22 



9.64 



6.49 
4.05 
2.S9 
2.10 
1.67 
1.14-2 
1.25 
1.13 
1.04 
• 94 
.84 
.71 



6.03 
4. 50 
3.28 
2.63 
2.25 
2.02 
1.87 
1.73 
1.62 

1.51 
1.3S 



7« 
37 
51 
02 

73 
53 

24 
11 
9S 



5.10 
4.22 



6? 

35 
3.11 

2.91 

2.77 
2.63 
2.50 



1 Distahoe from 
center line (plane of 
symmetry) to buttock 
(section of hull surface 
made by plane parallel 
to plane of symmetry) . 



■ 37 
,12 

■ 17 

.49 
.00 
.68 
.41 
.22 
.09 
.93 

• 77 
.58 
.82 
.09 
.31 

.78 

• 03 

:5 

.80 

.99 

.06 

.76 

.36 
.91 
.38 



1.11 

Rad. 
12.07 
12.67 
13.02 
13.28 
13.32 



13.32 



1.11 

Rad. 

2.93 
4.49 
5.60 
6.68 
7.31 
7.67 
7.86 

7.93 
7.94 
7 .S9 
7. 81 
7.71 
7.5p 
7.04 
6.58 
6.19 
5-79 

4.94 
4.54 
4.13 
3. 
3. 
3.07 
3.07 

2.82 
2.21 
1.42 
.44 



0.37 
1.32 

1.80 
2.15 
2. ^3 

2.71 

2.9? 
3-2£ 
3.63 



0.02 

1.76 
2.59 
3.9^ 

6.27 
6.91 
7.50 



0.66 
2.00 

3.30 
5.19 



1.39 
3.27 
5.30 



2.2£ 



8 Distance from base line 
to water line (section of 
hull surface made by a hori- 
zontal plane parallel tO f 
base line) , 



1:1] 



60 

V 

f 7 

§ 7 

§ 7 
67 



6.67 
6.67 
6.67 



II 

£ 7 
67 

50 

19 

79 

1:11 

4.54 
4.13 
3.76 
3-41 
3.07 
3.07 
2.82 
2.21 
1.42 
.44 
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Table 2 



TABLE II 

Test Data for N.A.C.A. Model No. 16 Flying-Boat Hull 

ft 2 

Kinematic viscosity ■ 0.000015 -^r 

sec. 



Water temperature: 48 F. 
Tank water density t 63.6 lb. per ou.ft. 





Trim angle, T 


■ 3 




Trim angle, t 


■ 5 






Speed 


Resistance 






Load 


Speed 


Re si stance 


T"pimminff 


Draft 


lb. 


• Jr " 


lb. 


Ulv IUDU V 


at 


lb. 


f .p.s. 


lb. 


moment 


at 








lb. -ft. 


step 
in. 






lb. -ft. 


atep 
in. 


80 


5.7 


4.0 


-7.7 


5.7 


60 


6.0 


2.9 


-24.0 


4.8 




7.2 


8.9 


13.5 


6.1 




7.6 


6.2 


- 5.7 


5.0 










7 1 


3.2 


4.9 














70 


5.7 


3.4 


-6.0 


5.4 




10.7 


8.2 


8.4 


4.7 


7.2 


7.6 


12.6 


5.65 




12.0 


9.1 


xo • o 
















13.6 


11.0 


30.2 


4.5 


60 


5.7 


2.9 


-4.3 


5.0 










-20.6 


4.4 




7.2 


6.6 


14.2 


5.25 


50 


5.9 


2.6 




24.5 


12.5 


- 


3.0 




7.6 


5.3 


- 5.7 


4.7 












8.9 


5.5 


0.5 


4.4 














50 


O ■ ( 




-2.4 


4.7 




10.8 


6.7 


8.4 


4.2 


7.2 


5.3 


13.5 


4.85 




12.2 


7.7 


16.3 


4.2 




24.6 


10.0 


OX . o 






13.6 


8.6 


28.5 


4.1 




29.1 


10.9 


34.3 


2.1 




15.8 


10.3 


53.0 


3.8 












16.5 


9.8 


56.5 


3.7 














40 


23.9 


8.2 


31.7 


2.3 




17 0 

JL r . V 


9 .6 


56.5 


3.5 




on n 


P Cv 


24.8 


1.9 




19.0 


9.6 


48.6 


3.2 




34.5 


10.4 


19.5 


1.8 




21.8 


9.3 


35 5 


2 . 3 














22.0 


9.4 


32.9 


2.5 














30 


23.7 


6.3 


19.5 


2.0 




24.4 


9.0 


27.5 


2.2 




28.9 


7.1 


15.1 


1.8 




24.6 


9.1 


26.7 


2.2 




34.2 
do . b 


7.7 


13.5 
11.7 


1.5 
1.35 






9 7 


20.6 


1.9 




40 


13.8 


6.8 


2P *5 


3.5 












20 


24.3 


4.7 


iU. ( 


1 7 

x. r 




15.6 


7.9 


41.5 


3." 3 


28.8 


4.9 


8.1 


1.45 




15.6 


7.8 


41.5 


3.3 




34.2 


6.2 


7.0 


1. 00 




17.0 


7.5 


37.3 


2.9 




38.0 


6.6 


6.4 


1.2 




19.2 


7.4 


27.6 


2.6 




40.0 


7.0 


7.3 


1.1 




OA A 

20.0 


f • o 


25.8 


2.5 




43.4 


8.0 


6.4 


1.05 




21.9 


6.9 


20.5 


2.2 












22.0 


7.1 


22 .4 
















10 


28.8 


3.5 


3.8 


1.3 




24.0 


7.6 


19.7 


2.0 


34.4 


4.5 


3.8 


1.25 




24.8 


7.5 


19.5 


2.0 




38.8 


5.8 


2.9 


.9 




29.6 


8.3 


15.4 


1.7 




43.3 


6.9 


3.8 


.85 




35.0 


9.0 


13.5 


1.6 




48.5 


8.6 


3.8 


1.0 


































30 


22.0 


5.7 


14.5 


2.0 












5 


29.3 


3.1 


1.2 


1.0 




24.2 


6.0 


12.6 


1.8 




34.3 


4.2 


2.9 


.8 




29.5 


6.7 


10.1 


1.6 




39.7 


5.4 


2.0 


.75 




34.7 


7.5 


10.1 


1.3 




43.9 


5.5 


1.1 


. 70 




38.1 


8.2 


O. 0 


1. 0 




48.5 


5.8 


.3 


.7 
































20 


24.2 


4.3 


7.4 


1.5 














Trim angle, t 


= 5° 






29.4 


4.8 


5.7 


1.3 














33.6 


5.8 


5.7 


1.2 














80 


6.0 


3.6 


-34.5 


5.5 




34.5 


6.2 


7.4 


1.2 




7.5 


7.6 


-11.7 


5.7 




38.5 


7.1 


4.9 


1.1 




9.2 


10.4 
11.7 


7.5 
11.1 


5.7 
5.5 




43.4 


9.2 


3.1 


1.1 




10.6 










1.0 




12.0 


13.6 


18.9 


5.5 


10 


29.2 


3.6 


2.3 




13.6 


16.2 


32.9 


5.4 




33.5 


4.8 
6.1 


2.3 
2.3 


1.0 
.9 














38.5 


70 


6.0 


3.3 


-29.3 


5.2 




43.2 


8.2 


2.3 


.8 




7.5 


6.9 


- 9.3 


5.4 




49.2 


9.5 


1.4 


.8 




8.7 


8.5 


5.8 


5.4 












10.6 


9.7 


9.3 


5.1 














12.0 


11.6 


19.6 


5.1 














13.6 


13.4 


32.0 


4.9 
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TABLE II (Continued) 

Test Data for N. A.C.A. Model No. 16 Flying-Boat Hull 

ft ^ 

Kinematic viscosity ■ 0.000015 — - 



Water temperature: 48° F. 

Tank water density: 63.6 lb. per cu.ft. 





Trim angle, * 


- 5° 






Trim angle, t 


« 7° 




Load 
lb. 


Speed 
f .p.s. 


Resistance 
lb. 


Trimming 
moment 
lb. -ft. 


Draft 
at 

step 
in. 


Load 
lb. 


Speed 
f .p.s. 


Resistance 
lb. 


Trimming 
moment 
lb. -ft. 


Draft 
at 

step 
in. 


5 


29.2 
33.5 
35.5 
38.6 
40.0 
43.8 
48.6 
49.6 


3.1 
4.3 
4.3 
5.8 
6.5 
7 S 
8.4 
8.4 


J- • o 

1.4 
2.3 
1.4 
.5 
.5 
-.6 
1 4 


n -ft 
.7 
.7 
.7 
.8 
.6 
.7 
7 


40 


12.7 
14.6 
16.0 
17.7 
19.3 
22.0 
24.8 
28.2 
29.4 
33.9 
34.0 


6.6 
7.3 
7.8 
7.6 
7.7 
7.4 
7.9 
7.9 
8.2 
9.7 
10.5 


0.7 
13.0 
20.9 
20.1 
20.1 
14.7 
14.7 
12.2 
11.3 


3.15 

2.9 

2.6 

2.3 

2.2 

1.9 

1.7 

1.5 

1.5 


Trie 


a angle, f 


*= 7° 






10.3 
10.3 


1.25 
1.3 


80 


6.2 
8.0 
9.5 
11.0 
12.0 
13.9 


3.6 

7 . 1 

9.4 
11.2 
11.6 
13.9 


-35.9 
-22.1 

TEA 

-15 . O 

- 6.4 
15.5 


5.2 

5.35 

5.05 

b.u 

5.0 

4.8 


30 


21.9 
24.2 
28.0 
29.4 
34.0 
39.0 


6.0 
6.25 
7.0 
7.6 
8.9 
10.88 


10.3 
9.4 
7.7 
7.7 
6.0 
4.3 


1.75 

1.55 

1.4 

1.4 

1.15 

1.0 














70 


6.2 
8.0 
9.6 
11.0 
12.2 
< 

14.0 


3.4 
6.3 
8 .4 
9.3 
10.1 
12.1 
12.0 


-34.4 
-18 .6 
-14.3 
- 2.7 
18.3 
17.4 


4.9 
4.9 

a n 
% . 7 

4.65 
4. 55 
4.4 
4.3 


20 


24.6 
29.7 
34.0 
39.0 
43.0 
43.4 


4.9 
6.4 
8.1 
10.0 
12.5 
12.8 


5.2 
3.4 
3.4 
3.4 
- .3 
2.5 


1.3 
1.1 

.9 
.9 
.9 
.9 




16.0 
17.5 
19.5 


14.0 
14.3 
14.3 


48.7 
63.8 


A A 

4.0 

3.95 

3.4 


10 


29.1 
29.2 
30.6 
34.0 
39.0 
42.5 


5.8 
5.1 
6.1 
7.2 
10.1 
13.0 


1.4 

.7 
.7 


.9 

.9 


60 


6.3 
7.9 
9.3 


3.2 
5.6 
6.6 


-51.7 
-30.6 
-21.2 


4.5 

4.55 

4.45 




1.5 
1.5 
1.5 


.8 
.8 
.8 




11.0 
12.2 
12.6 
13.7 
16.0 
17.2 


7.8 
8.7 
9.2 
10.2 
12.3 
12.3 


-12.5 
- 3.7 
.7 
18.3 
41.9 
51.5 


4.3 
4.2 
4.1 
3.9 
3.6 
3.4 


5 


29.6 
30.6 
34.1 
39.4 
43.5 


5.2 
5.8 
6.9 
10.2 
12.8 


1.5 
1.4 
1.5 
2.5 
3.4 


.75 

.7 

.7 

.6 

.7 




19.3 

32.6 


11.9 
11 . 3 


46.3 

33.2 


3.0 
2.4 




Trim angle, t 


= 9° 






24.7 


11.5 


26.2 


2.0 


80 


11.0 
12.4 


9.9 


-38.6 


4.45 


50 


6.4 


3.0 


-40.5 


4.0 


11.8 


-28.8 


4.2 


7.9 
9.7 
10.9 
12.4 
12.7 
14.5 
16.0 


4.7 
5.6 
6.5 
7.5 
8.3 
8.8 
9.7 


-26.4 
-17.7 
-12.5 
.7 
1.5 
18.3 
27.8 


4.1 
4.0 
3.9 
3.7 
3.6 
3.3 
3.2 


70 


10.9 
12.5 
14.3 
16.2 
17.5 
20.1 


8.6 
10.4 
13.1 
14.2 
15.0 
14.9 


-37.6 
-28.0 
- 2.7 
18.4 
19.3 
27.2 


3.95 

3.8 

3.65 

3.3 

3.1 

2.7 




17.6 
19.4 
22.0 
24.7 
28.3 
28.9 


9.2 
9.6 
9.4 
9.8 
9.5 
10.5 


34.9 
30.5 
21.7 
19.3 
17.4 
15.5 


1.9 
2.6 
2.2 
1.9 
1.6 
1.65 


60 


10.9 
12.3 
14.2 
16.1 
17.1 
19.2 
22.0 
25.0 


7.4 
9.2 
11.1 
12.2 
12.3 
13.1 
13.3 
12.9 


-35.9 
-28.0 
- 2.7 
7.9 
10.4 
13.2 
16.6 
19.3 


3.55 

3.4 

3.2 

2.8 

2.7 

2.35 

2.1 

1.8 
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TABLE II (Continued) 

Test Data for N.A.C.A. Model No. 16 Flying-Boat Hull 

ft 

Kinematic viscosity ■ 0.000015 jj^ 

Water temperature: 48° F. 

Tank water density! 63.6 lb. per cu.ft, 



Trim angle, t * 9° 



r 



Load 


Speed 

J. . p • D . 


Resistance 
lb . 


Trimming 
moment 
lb. -ft, 


Draft 
at 

step 
in. 


Load 
lb. 


Speed 
f .p.s. 


Resistance 
lb. 


Trimming 
moment 
lb. -ft. 


Draft 
at 

step 
in. 


50 


10.8 
12.4 
14.4 
16.1 
17.4 
19.2 
22.0 
24.8 
28.7 
29.0 


6.5 
8.2 
9.2 
10.1 
10.3 
10.6 
10.5 
11.1 
12.1 
11.2 


-35.9 
-25.5 

- 7.0 

- 3.6 
0.1 
3.5 

10.5 
14.0 
13.2 
13.2 


3.0 

2.95 

2.7 

2.5 

2.3 

2.2 

1.9 

1.7 

1.5 

1.5 


20 


23.5 
28.8 
29.0 


6.2 
8.6 
9.3 


-10.6 

- 6.1 

- 2.8 


1.1 
1.1 
1.1 


10 


28.3 


2.2 


-27.2 


- .5 


5 


28.5 


2.4 


-12.4 


- .7 




Trim angle, t ■ 11° 


70 


15.0 
16.3 
18.0 
20.0 


14.2 
14.9 
15.0 
15.1 


-19.9 
-16.4 
-20.7 
-25.1 


2.7 
2.4 
2.3 
2.15 


40 


12.6 
14.5 
16.2 
18.0 
19.4 
22.0 
24.4 
28.8 
29.1 
33.5 


6.9 
7.5 
8.0 
7.8 
8.3 
8.5 
9.1 
11.1 
10.5 
13.3 


-22.0 
-14.0 
-10.6 

- 8.6 

- 3.6 
6.2 
8.8 
5.3 
7.9 
3.4 


2.4 

2.2 

2.05 

2.0 

1.95 

1.7 

1.6 

1.35 

1.3 

1.25 


60 


15.0 
16.4 
18.0 
20.0 


12.1 
12.5 
12.6 
12.7 


-27.7 
-25.9 
-28.5 
-31.2 


2.3 
2.0 
1.95 
1.8 


50 


14.9 
16.5 
18.0 
20.0 


9.4 
9.9 
9.5 
10.1 


-33.8 
-33.8 
-36.6 
-38.2 


1.9 
1.7 
1.75 
1.6 


30 


22.0 
24.7 
29.0 
33.8 


7.0 
7.8 
9.8 
12.5 


- 2.7 
4.4 
1.6 

- .8 


1.6 
1.4 
1.2 
1.1 


40 


14.8 
16.4 
18.1 
20.0 


^ 6.9 
7.5 
7.5 
7.8 


-40.8 
-40.8 
-49.6 
-51.2 


1.5 
1.35 
1.3 
1.1 



\ 



9 12 



23 



27 



Half-"breadth 




*-7.94"-H*7.71> 
Body plan 




Profile 

Figure 1.- Lines of N.A.C.A. Model No. 16 



N.A.C. A. Technical Note No. 471 



Figs. 2, 3,9 




i i 
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Trim angle 3°. Load 80 Id. Speed 5.7 f.p.s. 




Trim angle 7°. Load 70 Id. Speed 17.5 f.p.s. 




Trim angle 5°. Load 10 lb. Speed 49.2 f.p.s. 
Figure 13.-Typical photographs of Model No. 16 under way. 



